1. Introduction {#sec1}
===============

The majority of metastatic prostate cancer patients show an initial favorable response with androgen-deprivation therapy.[@bib1] However, castration-resistance inevitably develops in most of these patients.[@bib2] Metastatic castration-resistant prostate cancer (mCRPC) is associated with a high mortality rate, accounting for approximately 30,000 deaths in the USA in 2015.[@bib3]

With the recent emergence of novel androgen-receptor (AR) signaling pathway inhibitors, such as abiraterone acetate (AA) and enzalutamide, as well as the long-existing docetaxel (T), the landscape of management for mCRPC has been evolving rapidly in the past decade.[@bib4] Notably, the roles of T and AA in chemo-naïve mCRPC patients were established in the TAX 327 and SWOG 9916 studies and in the COU-AA-302 study, respectively.[@bib5], [@bib6], [@bib7]

However, the clinical question remains as to the optimal sequence of the two therapies, as there has been no direct comparative study for the two agents in chemo-naïve mCRPC patients in the first-line setting. Moreover, the patient groups treated in the three above-mentioned studies were not identical, with a subgroup of patients with less favorable prognosis, characterized by visceral metastases, symptomatic disease, and/or poor performance status \[Eastern Cooperative Oncology Group (ECOG) performance status score ≥ 2\], being excluded from the COU-AA-302 study. Thus, whether this particular subgroup of patients would benefit more from treatment by T or AA is uncertain.

The present retrospective study aimed to provide data on the efficacy of AA compared to T as first-line treatment in chemo-naïve mCRPC patients with or without the ineligible clinical factors of the COU-AA-302 study.

2. Methods {#sec2}
==========

2.1. Patients {#sec2.1}
-------------

The present retrospective study was conducted using the databases of two previously reported studies from our group on mCRPC patients treated with AA and T, respectively.[@bib8], [@bib9] Patient records were retrieved through the interhospital electronic record system. The AA-treated group comprised all mCRPC patients started on AA between August 2011 and December 2014 in six oncology centers in Hong Kong. These six centers represent all public oncology centers in Hong Kong. The comparison group of T-treated patients comprised all mCRPC patients started on T between 2003 and 2012 in two of the six oncology centers. Castration resistance was defined as disease progression despite a castration-level of testosterone being achieved. Symptomatic disease was defined as requirement of Step 2 or 3 analgesics in the World Health Organization analgesics ladder before treatment initiation. Patients with visceral disease who were medically unfit for, or who declined, chemotherapy, and those treated with AA outside the licensed indication within the period were also included.

The patients were categorized into four subgroups for clinical outcome analysis, according to the treatment by AA or T, and by the presence of visceral metastasis, symptomatic disease, and/or poor performance status (ECOG ≥ 2), i.e., characteristics corresponding to the exclusion criteria of the COU-AA-302 study, as follows: (1) those ineligible for the COU-AA-302 study and administered AA (Group Ineligible--AA); (2) those ineligible for the COU-AA 302 study and administered T (Group Ineligible--T); (3) those who met the inclusion criteria of COU-AA-302 and were administered AA (Group Eligible--AA); and (4) those who met the inclusion criteria of COU-AA-302 and were administered T (Group Eligible--T).

2.2. Treatment and follow-up details {#sec2.2}
------------------------------------

AA treatment consisted of AA 1 g once daily in combination with prednisone 5 mg twice a day. Docetaxel treatment consisted of either a weekly (35 mg/m^2^) or 3-weekly (52.5--75 mg/m^2^) T regimen, with 5 mg prednisone twice per day. For both agents, treatment was discontinued upon disease progression, unacceptable toxicity, or death. The follow-up assessments comprised clinical assessment, serum prostate-specific antigen (PSA) analysis, blood counts, and liver and renal profiles. Regular imaging assessment was not mandatory unless progression was suspected clinically or was evident biochemically. The post-AA or post-T treatments were decided at the discretion of the individual oncologists based on several factors, including the patient\'s preference, medical condition, physician\'s preference, affordability, and availability of alternative treatment options. Enzalutamide, another AR pathway-targeted agent, was not accessible during the study period.[@bib10]

2.3. Endpoints and statistical analysis {#sec2.3}
---------------------------------------

The endpoints were progression-free survival (PFS), defined as the time from the first dose of AA or T to the diagnosis of clinical, radiological, or PSA progression, or death; and overall survival (OS), defined as the time from the first dose of AA or T to death of any cause. Clinical, biochemical, and radiological progressive disease were defined according to the Prostate Cancer Clinical Trials Working Group criteria.[@bib11] The patient follow-up status as of 30 January 2016 was used for the analyses.

The baseline characteristics of patient subgroups were compared and the differences were analyzed by Fisher exact test. Kaplan--Meier plots of PFS and OS were obtained for the four subgroups, and any differences in PFS and OS among the subgroups were compared by the log-rank test. Multivariate analyses using a Cox proportional hazards regression model was performed for PFS using the following variables: treatment by AA or T, presence of ineligible clinical factors of the COU-AA-302 study (presence of visceral metastases, symptomatic disease, or poor performance status of ECOG ≥ 2), pretreatment hemoglobin (Hb), alkaline phosphatase and PSA levels, age, Gleason score, PSA doubling time, time to androgen deprivation therapy failure. For OS, analysis was repeated using the same variables along with the use of post-AA or T treatment. Hazard ratios and their 95% confidence intervals were computed. Statistical analysis was performed using the Statistical Package for the Social Sciences for Windows, version 17.0.1.80 (SPSS Inc., Chicago, IL, USA). For all analyses, *P* values ≤ 0.05 were considered significant.

3. Results {#sec3}
==========

3.1. Patient characteristics and treatment details {#sec3.1}
--------------------------------------------------

The merged database included 115 patients. [Table 1](#tbl1){ref-type="table"} summarizes the baseline patient characteristics of the four subgroups. The median follow-up times for patients initially treated by T and AA were 17.15 (range 4.3--49.8) and 10.75 (range 1.2--34.0) months, respectively. Docetaxel-treated patients had a lower median age than those who received AA, while the ineligible patients had higher alkaline phosphatase and lower Hb levels than the eligible patients.Table 1Baseline patient characteristicsTable 1CharacteristicsDocetaxel (*n* = 57)AA (*n* = 58)*P*Ineligible (*n* = 36)Eligible (*n* = 21)Ineligible (*n* = 29)Eligible (*n* = 29)No. of patients%No. of patients%No. of patientsNo. of patients%Follow-up time (mo)Median (range)15.4 (4.3--42.6)17.5 (6.9--49.8)7.6 (1.2--32.6)14.5 (2.1--34.0)0.001ECOG performance status 0--13186.121100.0724.129100.0\<0.001 ≥2513.9002275.900Presence of visceral metastasis No2877.821100.02689.729100.00.007 Yes822.200310.300Presence of symptomatic disease[a)](#tbl1fna){ref-type="table-fn"} No25.621100.01034.529100.0\<0.001 Yes3494.4001965.500Age (y) Mean (SD)64.4 (8.9)67.6 (8.0)76.6 (7.9)74.3 (8.1)\<0.001 Median (range)69.0 (53--76)69.0 (51--82)77.0 (57--92)77.0 (56--90)Gleason score \<81850.01257.11344.81758.60.003 8--101233.3838.126.9827.6 Unknown616.714.81448.3413.8PSA, μg/L Mean (SD)639.0 (689.0)322.2 (380.4)550.7 (690.6)278.0 (452.7)0.122 Median (range)160.0 (2.2--4046)113.5 (1.4--1458)320.0 (24.2--3095)105.0 (6.2--2262)ALP, IU/L Mean (SD)464.0 (415.1)103.0 (415.1)474.2 (415.1)130.2 (415.1)\<0.001 Median (range)334.5 (49--1564)88.0 (50--259)172.0 (57--2960)108.0 (40--570)Hb, g/dl Mean (SD)10.8 (1.9)12.1 (1.5)11.19 (2.0)12.2 (1.8)0.006 Median (range)10.5 (6.6--14)12.3 (9.5--14.2)11.3 (5.2--14.5)12.5 (8.5--15.5)PSADT/mo Mean (SD)2.85 (2.0)2.97 (1.7)2.73 (1.8)2.69 (2.0)0.955 Median (range)2.3 (0.6--7.4)2.3 (0.9--6.9)2.1 (0.5--6.8)2.1 (0--9)Time to ADT failure \<1 yr1850.01047.61344.81034.50.64 ≥1 yr1850.01152.41655.21965.5Subsequent therapies No treatment1644.41047.62689.72275.9\<0.001 Potential life-prolonging therapy[b)](#tbl1fnb){ref-type="table-fn"}925.0419.026.9724.1 Others[c)](#tbl1fnc){ref-type="table-fn"}1130.6733.313.400[^1][^2][^3][^4]

The treatment details of both the T and AA cohorts have been reported previously.[@bib8], [@bib9] The median durations of AA treatment were 9.0 (range, 1.0--33.9) and 6.8 (range, 1.0--27.5) months in Group Eligible--AA and Group Ineligible--AA, respectively. The median numbers of cycles of T were six (range, 1--10) and six (range, 1--12) in Group Eligible--T and Group Ineligible--T, respectively. Post-T or post--AA treatments were delivered to 35.7% of all patients upon disease progression, with significantly more patients in the T groups receiving subsequent treatment compared to in the AA groups (*P* \< 0.001).

3.2. Comparison of clinical efficacy between AA and T {#sec3.2}
-----------------------------------------------------

### 3.2.1. Progression-free survival {#sec3.2.1}

Group Ineligible--AA had significantly longer PFS than Group Ineligible--T (6.3 vs. 5.9 months, *P* = 0.0234). Similarly, for the Eligible groups, Group Eligible--AA also had significantly longer PFS than Group Eligible--T (9.8 vs. 5.6 months, *P* = 0.0437). Finally, comparing all eligible versus ineligible patients, the PFS was significantly longer (7.3 vs. 5.9 months, *P* = 0.0141) for the former ([Fig. 1](#fig1){ref-type="fig"}).Fig. 1Kaplan--Meier curves for progression-free survival for the subgroups stratified by (A) treatment type and eligibility, and (B) eligibility irrespective of the treatment. AA, abiraterone acetate.Fig. 1

### 3.2.2. Overall survival {#sec3.2.2}

In contrast to the findings for PFS, there was no significant difference in OS between Group Ineligible--AA and Group Ineligible--T (7.8 vs. 15.7 months, *P* = 0.1601) or between Group Eligible--AA and Group Eligible--T (20.5 vs. 18.2 months, *P* = 0.782). Overall, as expected, the eligible patients had longer OS than the ineligible patients (19.1 vs. 10.7 months, *P* = 0.0004; [Fig. 2](#fig2){ref-type="fig"}).Fig. 2Kaplan--Meier curves for overall survival for the subgroups stratified by (A) treatment type and eligibility, and (B) eligibility irrespective of the treatment. AA, abiraterone acetate.Fig. 2

3.3. Multivariate analyses {#sec3.3}
--------------------------

### 3.3.1. Progression-free survival {#sec3.3.1}

Treatment by AA, presence of ineligible factors, and the pretreatment Hb levels were found to be independent prognosticators for PFS ([Table 2](#tbl2){ref-type="table"}).Table 2Univariate and multivariate analyses for progression-free survivalTable 2Univariate analysisMultivariate analysisHR[a)](#tbl2fna){ref-type="table-fn"} (95% CI)*P*HR[a)](#tbl2fna){ref-type="table-fn"} (95% CI)*P*Primary treatment Chemotherapy1.001.00 AA0.50 (0.33*--*0.76)0.0010.38 (0.19*--*0.76)0.01Presence of ineligible factors[b)](#tbl2fnb){ref-type="table-fn"} Yes1.001.00 No0.60 (0.40*--*0.91)0.020.48 (0.25*--*0.91)0.03Time to ADT failure ≥1 yr1.001.00 \<1 yr1.92 (1.27*--*2.90)0.0021.16 (0.68*--*1.96)0.59Gleason score \<81.001.00 8--101.42 (0.88*--*2.27)0.150.93 (0.56*--*1.53)0.77 Unknown1.06 (0.63*--*1.77)0.821.24 (0.69*--*2.22)0.47Pretreatment PSA level, μg/L ≤1981.001.00 \>1981.78 (1.18*--*2.67)0.0061.23 (0.76*--*2.01)0.40Pretreatment ALP level, IU/L ≤1231.001.00 \>1231.86 (1.23*--*2.81)0.0030.73 (0.37*--*1.45)0.37Pretreatment Hb level, g/dL ≤111.001.00 \>110.42 (0.27*--*0.65)\<0.00010.47 (0.27*--*0.82)0.01 Age0.97 (0.95*--*0.99)0.011.00 (0.97*--*1.04)0.93 PSADT0.96 (0.85*--*1.09)0.530.99 (0.87*--*1.12)0.83[^5][^6][^7]

### 3.3.2. Overall survival {#sec3.3.2}

Significant prognostic variables for OS included the followings: the presence of ineligible factors, pretreatment Hb levels, and the use of subsequent therapies after failure of AA or docetaxel ([Table 3](#tbl3){ref-type="table"}).Table 3Univariate and multivariate analyses for overall survivalTable 3Univariate analysisMultivariate analysisHR[a)](#tbl3fna){ref-type="table-fn"} (95% CI)*P*HR[a)](#tbl3fna){ref-type="table-fn"} (95% CI)*P*Primary treatment Chemotherapy1.001 AA1.09 (0.71*--*1.68)0.694.42 (0.02*--*807.93)0.58Presence of ineligible factors[b)](#tbl3fnb){ref-type="table-fn"} Yes1.001 No0.46 (0.29*--*0.71)0.0010.55 (0.31*--*0.96)0.04Time to ADT failure ≥1 yr1.001 \<1 yr1.99 (1.32*--*3.02)0.0010.90 (0.46*--*1.75)0.75Gleason score \<81.001 8*--*101.38 (0.86*--*2.23)0.190.88 (0.48*--*1.63)0.69 Unknown1.18 (0.68*--*2.03)0.560.54 (0.22*--*1.37)0.19Pretreatment PSA level, μg/L ≤1981.001 \>1981.80 (1.18*--*2.73)0.0061.50 (0.91*--*2.46)0.11Pretreatment ALP level, IU/L ≤1231.001 \>1232.36 (1.52*--*3.69)\<0.00011.49 (0.84*--*2.64)0.18Pretreatment Hb level, g/dl ≤111.001 \>110.25 (0.16*--*0.39)\<0.00010.29 (0.16*--*0.53)\<0.001Subsequent treatment No treatment1.001 Potential life--prolonging treatment[c)](#tbl3fnc){ref-type="table-fn"}0.46 (0.25*--*0.86)0.010.29 (0.14*--*0.62)0.001 Other treatment[d)](#tbl3fnd){ref-type="table-fn"}0.65 (0.40*--*1.08)0.100.60 (0.34*--*1.06)0.08 Age1.00 (0.98*--*1.02)0.961.02 (0.98*--*1.07)0.33 PSADT0.97 (0.86*--*1.09)0.6117.82 (0.1*--*3170.24)0.28[^8][^9][^10][^11][^12]

4. Discussion {#sec4}
=============

At present, it remains unclear whether the clinical efficacy of AA in chemo-naïve mCRPC patients could be generalized to include patients with visceral metastases, symptomatic disease, and poor performance status, as this patient subgroup was excluded from the COU-AA-302 study. In contrast, patients with these unfavorable factors were included in the pivotal trial for T and, although the prognosis was less favorable, the survival benefit with T remained among these subgroups.[@bib12] To our knowledge, the present study is the first to show that these patients had comparable OS and longer PFS when treated with AA, as compared to T, suggesting that they may still achieve clinical benefit from receiving initial treatment by AA.

Similarly, treatment by AA resulted in comparable OS and better PFS compared to T in the patients eligible for the COU-AA-302 study. To date, there has been no direct comparative prospective study between T, the *standard of care* for mCRPC patients since 2004 in the pre-AR signaling pathway inhibitor era, and novel therapies such as AA and enzalutamide. Recently, studies focusing on identifying predictive biomarkers, e.g. the detection of androgen receptor splice variant 7 in circulating tumor cells, for assisting the selection of the appropriate treatment for mCRPC patients, have been reported.[@bib13], [@bib14] Nonetheless, until these potential predictive biomarkers have been validated in a large-scale prospective study and become commercially and widely applied, the appropriate selection of first-line treatment in chemo-naïve mCRPC patients remains uncertain. The results of the present study, conducted in the real-life setting, suggest that both T and AA, which did not show clear survival advantages over one another, are promising and sensible treatment options for chemo-naïve mCRPC patients who are clinically permissible for these two therapies.

The possible explanation for the better PFS in the AA-treated patients could be attributed by the longer median duration of treatment with AA compared to T. Further, a higher proportion of patients treated by T received subsequent therapies. In the AA group patients, the more advanced age in both the Ineligible and Eligible groups and the higher proportion of patients with poor performance status in the Ineligible group may explain the less frequent employment of second-line treatment. Indeed, it was noted that the use of subsequent lines of potential life-prolonging therapy was a favorable determinant for OS in the multivariate analysis. Taken together, these are likely to be the reasons for the superior PFS but similar OS after initial AA treatment compared to T.

As both initial first-line treatment options, irrespective of the presence of unfavorable characteristics, provided comparable OS outcomes in our cohort, the treatment-related toxicities and quality of life (QOL) are pertinent in choosing the therapy. This is in line with the recommendations of the US Food and Drug Administration and other organizations, which state that the patient-reported outcomes along with the survival outcome are indispensable in evaluating the overall benefit of a therapy.[@bib15], [@bib16] Generally, cytotoxic chemotherapy is considered to have more toxic side effects, such as neutropenic sepsis, than noncytotoxic AR-signaling pathway inhibitors. These toxic complications could potentially affect the QOL. In this regard, the TAX-327 study showed that 29.1% of patients randomized to the 3-weekly T arm had experienced QOL deterioration during the treatments, despite only 22% of patients allocated to this treatment arm having reported subsequent QOL responses.[@bib17] In contrast, in the COU-AA-302 study, AA was found to be able to preserve the functional status, as indicated by the lack of deterioration in the health-related QOL, for a median duration of 12.7 months.[@bib18] However, owing to the retrospective nature of the present study, although valuable, the QOL data were not of adequate quality to allow for further analysis. It is noteworthy that the dose intensity of T in our cohort was lower than that usually recommended (75 mg/m^2^), with 25% of patients receiving a nonstandard dose at a 3-weekly schedule, and the survival time for our patients who received AA may have become more advantageous as a result.[@bib8] By contrast, it is also possible that this observation may merely reflect the patients\' suboptimal tolerance towards cytotoxic chemotherapy in the real-life setting, which would corroborate the former remark that both the survival outcomes and patients\' reported outcomes are equally imperative to measure the overall efficacy of a therapeutic intervention.

As expected, the presence of ineligible clinical factors was adversely associated with both PFS and OS in our multivariate analyses. Meanwhile, the survival outcomes in both our Ineligible and Eligible groups were analogous (comparable OS and better PFS with AA vs. T). These findings suggest that the presence of adverse clinical factors, or *ineligible factors*, may only have prognostic, but not predictive, significance in the management of mCRPC. This postulation is supported by the findings of other studies that mCRPC patients with unfavorable factors have poorer prognosis but comparable magnitude of clinical benefit with the study treatments compared to those without these factors. In the TAX 327 study, despite the median OS for patients with visceral metastases, pain symptoms, and poor performance status being shorter compared to in those without these factors, the substantial OS benefit persevered in these subgroups treated with T when compared to the control arm.[@bib12] Moreover, in the COU-AA-301 study, AA was associated with a significant benefit to the placebo in OS, as well as other secondary endpoints (e.g. the PFS and PSA response rate) in post-T mCRPC patients with or without visceral metastases.[@bib19] In the PREVAIL study, enzalutamide improved the PFS and showed a trend towards better OS compared to the placebo for chemo-naïve mCRPC patients, regardless of the presence of visceral metastases, high-volume bone metastases, and nodal only disease.[@bib20] Taken together with our results, it is suggested that mCRPC patients presenting with adverse prognostic clinical factors could be managed similarly to those without, while clinical studies on more efficacious treatment approaches for these patients are eagerly awaited.

We acknowledge that this study has several limitations owing to its retrospective design, including possible selection bias and incompleteness of data collection, among others. Meanwhile, being a retrospective nonrandomized study, the baseline disease and patient characteristics among the AA- and T-treated subgroups were not comparable entirely, and direct comparison of the survival outcome may then be difficult to interpret. However, we consider the result of significant association with better survival outcome with the use of AA in the multivariate analysis would be a trustworthy finding, and could alleviate the confounding impact of the unbalancing baseline factors. Moreover, the sample size of our study was limited, but we consider that the off-label use of AA in patients with ineligible factors would be limited under the existing licensed indication worldwide. Furthermore, the date of disease progression for the patients in our cohort may not have been determined accurately, owing to the different follow-up protocols among the different centers, which may have resulted in the assessment of PFS being less precise. However, we consider this limitation unlikely to affect the ability to assess the OS. Finally, despite all patients in our study being assessed and managed by qualified practicing oncologists, the determination of the ECOG score for each patient and their need for analgesics are subjective in nature, and may hence have affected the stratification of the patients among the four prespecified subgroups.

5. Conclusions {#sec5}
==============

This multicenter retrospective study is the first study to compare the efficacy between T and AA as first-line treatment in chemo-naïve mCRPC patients. In particular, those who were ineligible for the COU-AA-302 study due to the presence of unfavorable clinical factors, including visceral metastases, symptomatic disease, and/or poor performance status, were included and analyzed. In this study, AA treatment in mCRPC patients resulted in improved PFS and comparable OS as compared to docetaxel, in both ineligible, who are currently not indicated for AA therapy, and eligible patients. Despite having a less favorable prognosis to those eligible for the COU-AA-302 study, our data suggest that initial treatment by AA may still be beneficial to patients with the aforementioned adverse clinical factors.
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[^1]: AA, abiraterone acetate; ADT, androgen deprivation therapy; ALP, pretreatment alkaline phosphatase level; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; Hb, pretreatment hemoglobin level; HR, hazard ratio; IU, international units; PSA, prostate-specific antigen; PSADT, PSA doubling time; SD, standard deviation.

[^2]: Presence of pain prior to AA treatment requiring World Health Organization level II or above analgesics.

[^3]: Including AA, enzalutamide, cabazitaxel, and docetaxel.

[^4]: Including flutamide, bicalutamide, and ketoconazole.

[^5]: AA, abiraterone acetate; ADT, androgen deprivation therapy; ALP, pretreatment alkaline phosphatase level; CI, confidence interval; Hb, pretreatment hemoglobin level; HR, hazard ratio; IU, international units; PSA, prostate-specific antigen; PSADT, PSA doubling time.

[^6]: HR \<1 indicates better progression-free survival.

[^7]: Presence of ineligible factors included visceral metastasis, symptomatic disease, and/or poor performance status.

[^8]: AA, abiraterone acetate; ADT, androgen deprivation therapy; ALP, pretreatment alkaline phosphatase level; CI, confidence interval; Hb, pretreatment hemoglobin level; HR, hazard ratio; IU, international units; PSA, prostate-specific antigen; PSADT, PSA doubling time.

[^9]: HR \<1 indicates better overall survival.

[^10]: Presence of ineligible factors included visceral metastasis, symptomatic disease, and/or poor performance status.

[^11]: Including abiraterone acetate, enzalutamide, cabazitaxel, and docetaxel.

[^12]: Including flutamide, bicalutamide, and ketoconazole.
